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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polishing method, a polishing 
device, and a manufacturing method for a semiconductor device, where 
occurrence of dishing or erosion is suppressed in a planarizing process for 
polishing a metal film to constitute wiring of a semiconductor device 
having a multilayer interconnection structure. 

SOLUTION: A process (PR4) for forming a passive state film on the 
surface of a metal film which prevents electrolytic reaction of the metal, 
process (PR5) where a protruding passive state film present on the surface 
of metal film which is generated by filling a wiring channel is selectively 
removed by mechanical polishing so that the protruding metal film is 
exposed on the surface, a process (PR6) where the exposed protruding 
part of the metal film is removed by electrolytic polishing, so that the 
rough surface of the metal film generated by filling of filling of the wiring 
channel is planarized, and a process (PR7) where a metal film present on 
the insulating film of the metal film whose surface is planarized is 
removed by electrolytic composite polishing, where electrolytic polishing 
and mechanical polishing are composed to form wiring are provided. 



L 



« ♦ » ■ ■ I 1- , - . 




1 



m 

PR* 



iii 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] ( 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



(19)B*B»9ftr (J P) <I2) & fjfi ffr & & (A) 



^$2001-77117 
(P2001-77117A) 

(43>&MB ¥J*13#S 3 £23B (2001. 3. 23) 



(SDlntCL' 
HO 1 L 21/3205 
21/304 
21/3063 
21/768 
29/78 



6 22 



F I 

H0 1L 21/88 
21/304 
21/306 
21/90 
29/78 
$$«®ft43 OL 



622X 
L 
C 

30 IN 
(*22 S) 



K 5F033 
5F040 
5F043 
5F1 1 0 



(22) (USB 



1 1-253605 



^J*11^9^7B(1999.9.7) 



(71) ffl«A 000002185 

(72) SS«# W-h * 

K^«S/nK#S/ll 6TB 7S35** V - 

ftAttfflKfAffl 6 T 1 7«35* y- 
04mm A 100094053 



£*HCtt< 



(54) l?gH<t>£fM ft^filisflS^, MNfeBfeAtfHfcfttt 



(57) tS»] 

-f iC-y 3 >05^at4liil»JpI6fe^. 

*fSjg*^T*;raWM**j«-r zxn ( p r 4 ) 

*L. ASIJ8©iQ***Bi(cStll$**Xg (PR 5) 
t^ttfkf *IB (PR6) i, *ffi*S¥ttfk3ftfc^ 

M&t&im < pr 7 ) sirr*. 





-PRI 


i 






* 












_PR4 














* 






i t — i 






PR8 


* 






— PR9 










* 





•t 



1 

t. 

am. 

fnenti^<c9&-r y tis<s- unsafe 
xii £ & wr * le*^ 2 tciais©^ f*^a^l!j 

y tm&£Pil§£ Lpia?fex**(tfiji or. rota^s 

l&te J; tf> < y +13 i ffiiaOTlgxa i ©HASHES: enftn 

wtaffl^xmi: B5ia Ttwrnvumtc mwnc&& <* -t* 

4 (cia$s©*»ft«a«>Siji*a. 

^H&nsa^HKfc J: o"* y +bk fat* i&a a 
•tiTfinia^Jiiitej: u^ia^ y 



(2) ttHZOO 1 -7711 7 

2 

igtBMto** ^ icm^xmi^mma y + 

©§!!>**?*. 

[1h#»7] miaffSx^^^'C'SEAiEnJD^^fcs 

SSm*fiia#SJ|gtoJ:a'^y-V'eKfeftt4fc«ejfi3 
-ti-CBJia^lSlBfc J: O'Siia^ y ■V'Sl^ii^b, 

io fl&&Hgft y tMowsoittf ^es-r -si*:* 

[IS*® 8 ] fiirlflff^Xfli©9F^fflimia^f*Sie4«> 
IH{CWigtR^ : &Stffb^CTgSil'S:/ra51lXSiia^ftSS 

[Ib*js9 ] gfgeftSM&Bua'f y +i^i*^B£T^& 
Wtcj^ur-eti-enwe siting 
Si«:W»t:fiS!*»te3fflB*i4^y+B4**n-e4i» 

20 i o ] B3fi*^«:^y -V'i^ : £r**T^xfn:- 
ii. Biiia/v y +-^iffiawgx.mi©pflCiiEDUirr -s^be 

Piaffl^x^t<oiHKEiillnTS^JiJ: •) 

*5{cia#s©*isi*«a©S!jS*& 

30 B5ieiB«ffl?tlic#Ji**ji*jiiCfX!i«*. friaKfSffljSi 

[Ib*»i 2) msssm>m^i^it. mzfemo, 
*W(r»'c»*ttawi«rt**fli i i tc&3io>¥m$£&0> 
i 3 j mtzt< y -rttoejottMtcii, t a . t 

40 m*m\ 4 3 mS^ttSMtt, pi!a^SJgff)Sffi^K 
[ 1b*« 1 5 3 B?ia£Sl3©*fflt£gf it$l£tti« L T|« 

ia5?ftis*ffjB£-r^i#*)!s 1 4 (ciaut<z)*«^s^ss 
50 [1b*«i 7 J Bsiia^fjj^^t. pie^ssifl>*ffitc. 



3 

*b- l-S«J**>ft&H3, to<fcy\ ?7'j>^u 

»f*£a<7>£[;£#& 

[Ib*^1 8) Biiia^ftSSl^t^ ii5fa#JillgJ: t >t, ^ 

[§b**i 9 3 eugB^nu zmgxm 

4. 

ISlelSF^X^Sf^Bfitt^+'WClElts^-tl. fro, io 

?fcf&*§#ia:4 . 
4**rr-5WS£a„ 

[Ib*JS2 1 ] B5ia«KSijlctt.16*l3(*, IJSWfflJStf 

.^(DljWJ&ffiKtgfttliJgfe £ fc liffifi alfltoCEa ?n, 

cciiSf 4iI^I8:4, 30 

^>itat^i*{iAi>!S*ii 1 (cia$ioi!F^a. 

[1b*K2 2) BfiiaiftfjfeSiStt, iir*aW©M%^tt<0 

«e * aj^r * 2 1 «ria$sowif«ao 
[is** 2 3 3 mmtexmt, * -f -nvtvmmtm 

fmisxmtzn. wsaia f tc j: ^ r f? 3 

n. maaW^Xftii^tcBtS-r^Stt^SS^^tt 40 
* 6 2 1 iciaUS©CTg«S. 

[11**253 Bniax ? ^ ?wt;t. BniasB^4.i j: ex 

i # "C S IVC * ♦) . M£«ft&«* 

.f^tewSffiKfiMe? * ifcftw 2 4 tcia$R«>we« 50 



0 0 1 -77 1 1 7 

4 

a. 

[Ih**2 6 ) msiVf^Xmt. ffi&W£&&Z&<>Zi& 
$3 ftfcjSSttgPt^tc J: -7 3 ttT fc «) , mi le@*5 

T 4 VStt &ttK$tt? 4 as?" 7 f £* G Til* 3 ft 
4Ib**2 lfciZttDffBaa. 
[sb*JS2 7 J RESUBttli, Siietl9FJKHAfM>tt 
SfgffiocffJfiS;? nfoitiKftR (£»L-Cftft 4 AW* £ 

ft £ is** 2 3 tc Ettoaatta. 

3fct£ff *&lg** 1 9Kia$S«r>ff^^SU 

[Ib**2 9 ] M£i*ffa#.*fe0j«asB&tiALfc 

4tefifSteam2&a*.£iB**2 3 tcia«<Jowes» 
a. 

[is** 3 0 ) H«iias?^ai*s^aMi^tcso^ 
■c . Hnia^iBSnSwit*-* i ft 4 <£ ^ cc piawgx* 

[1b*«3 1 3 teWfgft&.tmt&.w&m<>>£Wz®i5L> 

u. 

ffiaeW)§BtCffliei*9FJg*»^«ij(j>tAHiefflCi:3iSBlflfeft 
WS tWSWeiiK J: itttfiiFai. * Ufc*l)"fe^ 

^ ^ffl^sa. 

[Ib**3 2 ) HiiiaP)gffitC9FJglEte?:^tHt^P^iJ 

B5iaSil??i5cc <t -5«W9F^4fjia9fgffite J; o'fiiJiaw 
£&ft£tlIfPFJ*£ * S^OfcS^g^WeiCJ: 

3 1 icsausope^a. 

[Ib*W3 3 3 ^tt(DWlgl^(DPeB4^1Sie*^ 

ft < i 4>*b* tdwmc w& s nfciisFaawnswxi 

asB¥a«rai;-cati4aii?sa*siso, 
pfiew^xmi Byiattwe**.^^ 4 * Relates tf ft* 
ewjEonBtca-jrtBtt'WBSit. 

Pie mtSifc J: ^ ®«9F iSfe <fc O'fliiiaCTlgB^ J: -6^9F 

3a**nfcMia****b^*9F**ft. 

[Ib**3 4 ) 8?gaP : ^B4ffjia*4l3Fe^*»©*B4 

©raicpfia«(i?®4 4 feKwea^t^tffk^wefSi* 



5 ' 

[B#J*3 5 ) mSal*Wlg*f&&tCt*. fttt&ttMfrb 

* m u. -c b? e^ttosi* & is sa w jS 

3 »TW*©iWT 4 wraswsfl 3 3 iC 
ia|fc©?F£#i*. 

^B?S?/fe^ttKT-SfiS*J!i3 3 (CSaiUDffJfr^. 
[Ib*3S3 8 J BHia^lSSlJrl^BiiiaWlglHi i^tCls] 

fes * . pia**we*»*«it<:*t isxwtfm s * 

[Ib**3 9 j finiaiAwe*t.^©*ii5r. : »*L.fcpga 
fiiais*CTjg*f^©9F)g0jstT*wa'r-sit* 

^3 i* 3 4 tCia&©9FJ£#&<, 

mftteowrnxMiOWtem t fria^sns 4 ©nine ss??i£ 
int. 

«4 

[11*314 2 } g^aW$ii£pia£!5lg£<^fit£iMia% 
K#44Mi:CT^fr£StMfc#We&J£/|-iSi*tt, H 

lawigffite j: ^Bniap^isfccc j: t^fttsiwetc J: -7 

[1b*JS4 4 ] miia^fbSSiett, Bijla^S^^mBft-r^ 



(4) <ftpa2 0 0 1 -77 l 17 

ti^fesii, miie^p|g'Niisir.&iB*«4 naa*JW> 
W*tt. 

[13**4 7 ) H5sa«Sg|iHifl5iaBiexfti©r^« 

4 6 KiaatcDfflg*?*, 

[is** 4 3 ] masmfeMc^itumfemmiticm 
nztmisA 2 Kia&©wg#a:. 

[0001] 
20 [0002] 

)S©#«^a:©««W4i uxr* s - f a ( a i ) 

tf>l£. SS|lWW*T^a^^A (A 1 ) <Cu) 
30 u *S2^ccftm-r^ i . fSfeiaiiSx b 9 Y a ■? V ix 

ll^ii*> CMP(Chemcal Mechanical Polnshmq: ft 

*PJW^^P-C)f iftiACf ^ T ^ y-7 > y (dual tlanasc 

[0003] C C T\ IseCfiTA J: ^ 

BSW D-b^-^C-^^raS 2-03 7 

^■c^-r^, a:*}, letsfm 4 u-ccu^ffi*, 

50 'J ^ VSSW**!*** 6 * IStS 3 0 1 ±cc , fc t ^. [X , 



7 

t* ifcSCV D (Chemical vapour Deposi tion)£ K J: ♦) 
MtiLTZ, *<,>-C, 03 3{c*f J^K, £&3 0l<?> 
^t4W^f.Wciii;^=i>^ >? h*-^3 0 3teJ:0' 

;*o>t\ 03 4ccm-f d^fc, ;<y-H£3 05£B 
raietiAiso^^BfcJctfri^* h*-ju3 0 3, 

?»3 t)4rt^Jf5«Rf -So C<ZV<y+l5S3 0 5ti. 10 
II Ta, Ti. TaN. T i N ^©Mf4£££fl < £> A 
•^iitCjrOffMf^. ^';-H£3 0 5ti, EH^WA 
?*Htt*fllS)IMiR3 0 24HCj£S*-f 

3 o y 3 vBtftjeoct ««$(cit, c u atv y 

[000 4] jj£<,»t\ 03 5(C*f«t^lil, /VJ+-R3 
0 5 JitC, V- h"C ulg3 0 6 JtgfcKj: 

3^J?J?h*-^303feJ:CX}83 0 4*Cu "Of ifcii 

OJr^Kl, CuW3 0 7=£©«r&. <Cu*3 0 7t£, 
fc.£*t£, y CVDS, 
flM-T^o iX(,»-C', 03 7Kinf JrStC, J3RltetI&3 
0 2 JiGMt&a C u m3 0 7 to J: CX>< 'J +IS3 0 5 £C 

^3 0 8 *JiZfzr>* f h 3 0 9 iJWBflSSttS. ±|H 

[0 00 5] 30 
[*W#I^L J: tC^T/, ±teLfcr 

a 7 * v> ffl t >tc$!36Bmf8,-7 a iz * fit, 
C u US 3 0 7 te J: y 3 0 5 £ C M P j*cc 
J: vXf$£? ZXftlCh^X . JBHMUft3 0 2£Cu 
m 3 0 7 fc J:**' < y +J|g 3 0 5 £ ©B^ttflfeAWj: £ C 
K*§}308ccr '< ?3»jr. (*> 

frLfco r-f ^v^li. 03 8i>C^-r^^iC. tctx. 
I*. 0. 1 8 iimil-fMDW'iZ'A'-Hti.iii.iT:, tc 

l00pmiaft9J;^tt«OlCl*e«l30 8^ 40 

C A,t" U £ *> ®&Tih 0 . C -f •> Is tfifi^-t i> 
ifi5tlf3 0 8©(&rffi»R^JS-r^fc*. ffilStefnlii^A 

K xo-=-y 3 >it, 03 9cc^T<fc5tc: > fci*.!*, 
3 0 0 0 u mOKH (C 1 . 0 « mOig^KitSW* 5 0 / 
•b > h V>&%Xtym 3 ttT <, J: •> fit ■> < : £ - >${gfl>iS 



»§S20 0 1 - 7 7 1 1 7 

^fi^A^Mgi^f-S. y-tr^li. 194 0 £m?J: ? 
tc. gfe1»,^l63 0 2 iifiS3 0 8 i©^TS3«3 0 

&mttt& 9 36tC, &ft&C u«3 07 UJiVK*)* 
Jg3 0 5*CMPStuctc-CI»*f 4XSr-lt. CulS 
3 0 7 fcJ:f>V< 'J-V0I3 0 54<>*.Wt{:»*f ^ifiW* 

t*t«, 5 00nm/mi iitiJUifciJ^CgsRSft 

•stniii^ * < -r ^^*i*> o . Aniff >j * * * < 

04 lKSif J:3K, B»*ffiKX ? * S 
^OCu^7*5^^A-Ctt|featt J P''?^. C<Dtc 

* < ?c ^> i i> -5 l fc 0 

[0006] iieufcBBiiiciii^T'it^n^ 

[ 0 0 0 7] 

jgffiipiawex#©wesii &&eM<D*mtaQ ^fta 
jg**^fl>i*CT^ffl*rae<toffiia5»ex**r*©i o 

[0008] Sfc. *£8J©Wga$g«. 



1 



9 

I o 009] #?ww>?W;fr£i*, ymtiiowigxmoy 

gift £ pia^BI^.^ i*^tC0fi3 -H- tt*i 'bfiiT* 
©W^^il*t#tti3tf. Bifia^!l??l£ J: &Sfl?W£ 

*j & to iawe a j: tmm £ & £ o fc ss? s^w 

fete et ^ r SJfeftWJ&tfsMaccffjj^ ftfc^JglJg 

ftr*. 

[ o o l o ] -fcftnawfrtrga, t^9R@*t^«v 

ffffl * JMiT *^tWM*«flW* Sim 4 . 
gift i flia^lSIII i fe1£C*t<DraE frEPlJD-r -5 is 

i. iJiia?F^i*^>9F^ffitBiiiai*weM.^o^ej^ 

ttH£1tia9FS:i3l0lMiiffJ&K £ otiMtRW^r*** 

coo 1 1 1 *wwtt\mm<om*ti&it. wbll 

ffJsE-T&IS4. fiiaKKffl^^tt^iitfJr^tC. pia 

^■•UKtii*lM*4fft£*&i&4- iiiiiafetifiLhtc 

ffim L fc*JSlBO*fflt£iiS*PR©SKJ!5iB* Wlf-i 

•£**3n&7W«w<i>$*>. Bi5aiat«ffl?s©a^ji^ 

tdJ: ^fiUft:wFia^PI^©*ffl(c:?3:a-r aOSlilOnF 
fbHSSr^fflgK J: o rS*R^tcK-^ L,, ^l££g€>db 
a5£ilfflt£35tiJ3tt-£Ill4, pvsaStilOA:&RM<9a 

SPisswstcj^-csfcSi,, i5iasa»ffl?»i^iiii!>ii^ 
«4*w-r&. 

[0012] * fc, *^P<D^«^ftffO>M^^J* > 
[0013] 2)ESIWCr>*iWf*SKa<J^a(S*?*t1*. 

•niMfc£*iiKfMjfcj: oT«««K«iii-r4, c© 



<6) &KI2 0 0 1 -7711 7 

10 

[0014] 

ffiglSa<?>ti*ii& 

io -r @"C'*>-&. m2itm i k^wj^b^jjiii^ ? 
<D£8|5t<fc*S'i:-<&&„ n i K^-rpFSSa i t*. Jm^ 
? k»2 i, nnmae 1 4, wm&x i 4H**«arr 

7 1 4, «B«i*i|6^a8 1 4 B 

n. ->^-^i*iKJt*Affe**.f.%4 bxwv 

x-^lRSLfc'Jx-A^t? h£fcMJA*'<&lfltfJA 
*- h**iSW6nrt'*. S&tc, C<Z>ittttiA#- h£ 

20 4«I^S1 4CDffilr"i'i-M©S^iao-S: : (f5^*- 

a^ti-s 0 

[0015] Jllll-^ v Yt$Z\£, ifei«3 ^fSWUIgl 
9t&XM t 3 1 S:mZ?2>V{&XM t ffl$&l 14, 
9Fi@IA^#^ 1 1 £Z!4#i6l©B£f£atc{&B&i»0-r 
^Z#&a^ii!>lSlt6a53 1 4, »$9Fg*t.*i8!4L-ca>'i' 

<8S&4 1 44:fll^.^„ to*J : iPf^lAfS»3C 1 
"B©Pei^lilteei##IS©— *i*PUic»lSL<-C4tf , 
30 X H&tHMMIU 1 ^*»?B©@t5fS»#ISte «fc ^tBM 
^Sft^KW-^ltWicM (t L-TTte'J. z ^&a^^m<s 

[ooi 6] z«&a^*i#si53 i m^uai^ 
^A{c@^$nycZS4U'-^-^ 18 4, cjiH^ai 

1 8 $ ntc*-~ n * ^» i 8 a ici^-r * * vas 

^RKStXfcZMX^-f 5T1 6 4, zttx^^sri 6* 

zfA^cii^gsaatc^rsH^L^t-^ ^ A^taa 

40 £tltc*7<( KU-JH 7 4 : &Wf 6. 

[0017] Z*4t*--4<*-^ 1 8t*. ZSH*--^'*- 
^ 1 8Ci^3i-ifcZSfcK9-fM'5 2*^Sgttaa*im 
i{S3n-C@*5lES63nS. #-A*yHl8att. ZS* 

*iii*wcc»-»-caw&t.. -tt^ziiir^-^*-* i 
nicto., zwfsa^JsWfimScs it* z^-^*- 

^ 1 8<^>SgSi>^J:'5-C, wei^eWSPl lMSHSStt 
fcCT6l^3 * Z^i*l61©fiS©liS^^ttfeg*«>-r 

50 zi*fea?*»^tia!3 1 ©&B?^*tS(Sl*. fcix 



i 



11 

[0 0 1 8 ]. XfMMW8m4 1 It, 
^f-S^x^f— 24, ? 7%4 
i5BSEtC#»T-S{N#&B4 5 4, ^Mf-^M 2 
*0|E3-tt&«BiA**»ST&|BSN:-f 4 4 4. Sgft 
*->4 4 4ffttStH4 5®B<ait*3ittT*^JUh 

4 6 4, #l#£34 5tCl&tt6nfeft|I>*>4 7 4, Sg . 

4 4 it£Vm$£S4 S jPKjBSttfcXM.* 9 
»fy4 8 4, B^Oft^SfeuH^SftfeXHW—sK* 
-*49 4, X«W"-5K*-*4 9tC|fcttSttfciK-A 10 
4S>Ml4 9a4. XS*X?<fy4 8K^Sn3tf-JU* 
Vfl 4 9a ccJSSf 6 * ^6 pWgffiS Itfc pJS&SPtt 4 9 
b4*W'*'-&. 

[001 9] •?xMr-P>42lt. *4At*. 

5 3 *> & Sttil'3fc!*ft£S ft£ C 4.K cfc -csggj s n, ■ 

*4 9tt, Xttt*--**^5»4 9CCtt«3nfcX*|K7' 
4 1< 5 4 t» 6#t§ S tl&gShmmc «fc ^ L . 

XN*5> 4 ^4 8 A**--*' 4 9 a fe^CTOttgtt 
4 9b*^l>-CXSI*|6lKj6ftr*. C©4&. x*w- 
4 9Kft$?*CWSi&£imrr&<; 4KJ: 
-s-C. '5*-^f--7 , Jl'4 2<DX^[4l©jiJ^|lJfl(^ 
flfe4<i-&. 

[00201 02 1*. gMOJUiUffc 1 1 OrtSHw&O 

-fflts-rBre**. iFexs^*#» 1 1 1*. wex* 

34. W5ia3&ef#T£7 5> 4. ?5> 30 

^sntt4*in*£aft(i:{^#'r*ej#«iBi 24. fsf#« 
s i 2 tc£M$£ nfc±«i i 2 a timzn^tt&n 1 2 

a*B!6S'tt*3H*-* 1 3 4, 1 3±tc 

sb* en&v y > y=na 1 4 4 * 4. 

[0 02 1 ] £ln*-* 1 3li, 

*©@mb&l»P-*lt. f*f*&Bl 2KU?t#3fifcf 
Hi 2a«C«ttsn"Cl*4. *fc, 1 3li* 

i^PK V 'J > 14©t"^h>o?Fl4b *i*SA 
3tl*1ta?l£1l<s'Cl**. iHH-=-*i 3tt. £$4H 40 

[0 02 2] fSftHai 21*. fc4^.ir, X7^7'J> 
J^fiATte'J. £<DJ-7*-T')^yX'£.$ki2»*® 
£S&tcGM#Ltl'£. (?Sig 1 2©±Hl 2a4># 
iCJplC VJ >^a 14©t^F>o>H4 bM*A 

[0023] ? 9>*JWU4 it, Smim&hWMZtl 

TT^o, n»^ai2«>^wi2aKii**a3n. jssek 
ROtMa***, TSa4i)tcwgxs3#iag3n 50 



4M2001 - 7 7 1 17 
12 

TV £ 0 75> V W 4 ©±!Bffl 4 c #Jt*e**^S 1 2 
CC(S»3tlfc£ttl 2 atCtfttSn-C***), 3EW 1 2 a 

©I5ii5(cj:^'c^7>^g|itt4 €>@*£-r-&.-77>ya» 

#4 ©±3Sffi4 c It, * 1 3 J: O'^WftB 1 

2 ©niacctat* f,nfc«ati<»>assiiH2 8 (c@ssn 

fcii^?V2 7 4tl«*b-CteO, iiS^^V2 7 47 

? > 4 4 acsasw:'^ 

[0024] 9 > tfftm 1 4 \t, £Ih*~*1 3©>- 
-X±C£B*S*vcfcO. fx F > 1 AaZftBbXh 
♦J. W^Mali, fc4*tt, s> ') > * £&B 1 4 1*3 
Kftl&Sft-S^&EtCjr^TI^fnA 1 tei:r>'A2<Ot'ir 
nJK»i£K:jE9!iStt&. c©fx h > l 4 atct*, t* 
a h > a ? k l 4 b *>H£i£3tvCto 9 . «^q 5 K 
1 4 bti, ±$ffl*-£ 1 34tfJrO'^^a 1 2c?34"'C' ; & 
il-j-C, 7?>s**tt4«>«n*4a*»6?tdiUr^ 
4, t x h >p V H 1 4 bCjfeiStCt*. HPflE&tt 2 1 ^ 
jite^tirteO. C©ttE«**2 U*fA^q? Kl 

4 d ton oxmi£v>&wvm&mtt^feKimi($ j $<>c 
£-?xmn&$nx<,>z <> im±mt2 i«. 

(CEBSn&16ttfi2 2 ©WP 2 2 a ©BU*aac^»pJ 
flfe4S -7 rte Dy. fx H> o ■? K i 4 bO^EnA 2*l&] 

[0025] -> ') >y^a 1 4<*>trx h>p?n4i> 

-«tt2 0*f*A£n, fx h>D ■> K l 4 btc*ttTr@ 
*3tlTt'*. iiSSi2 0(*, «5tiffl4*>^)fM^ 
T4s9, Jdsmat^ y > jr«B .1 4©t X F > 1 4 a * 

ma ltv ') > f^a 1 4 ±K.m-t*>titc a - 5» >j ^ 3 

1 4 b*}J:f>'ffESBW2 1 *HML-CSS«2 3 1 X fo 
0'-Cfe*J , stB<R2 3 K.tH&ZtlXi.iio 

[0026] mm&2 o «. *iC^tcsaa^s£^n 

Kig * 0 w * W±tC^I&-T / XMU 4 o "C I » 

a«W2 0ii. o-^yv 3 -Y>h i 54, 

«fil52 3 4*S5W9K:esSir*gSI**&0r< 1 »* o 
[0027] ii^2 OOJiSStiittKfcSnfco.-* 'J 

ysOH5tt, ^ssfi<6 i o^Aft4*sw(c' 

2 o $mtz ux tasi* 2 o ^wmw. ^.tti#-r 4 . r u 

*>%. 3i«a*2 0t±EfeL-C€>D-^y^3^> n 5 

cc J: -7rsil?sfii6 1 tt>h ~f? x<DSf4*iEnlB3 ti^>„ 

[0028] ii®$!2 OOTtttf «:0||lk$nA:*fttt[2 

*jfitDUij:*j'jiaa&ftiir«i«sn-ci»6. s®«2 3 

tt. ±fflil*t6»1fi 2 2 tc fSI# s nx *J , SSK 2 3 
0>5+J33Et*i|ftl*R2 2 ccK^u-CteO . TfflWJtc«X ^ 
7»7'g^2 4#Wi§<*tt'Cv£. 
[0 02 9 ] CCt?, H13 (a> ltSfi<^2 3©ntji<D 
— piJ**-rTfi0-C*O . @3 < b ) t*Sfe®2 3 4, 



13 

9ft tt 2 0 . * ySCH 2 4 j9J:9«lW4 40><± 
ai?9(^*^ftrffiia - C*>*. 113 (a) iCtjVT <fc 

aE«2 3 <t)* JWBKH*H»<5>BPW2 3 a ftW* 
t*9. Cpl>BPaC2 3a : £*'Otcft®®2 3©^ii* 
|S]KfiSSWtCtt^^tgil©i#a2 3 b3W(M*Sfva» 

03 <b) KJjrTJ:}**:. SS^23©B8P 
&2 3 a tctt. Mt2 0 ©TiM»iK£HsiSlvC^ 

'J - to J: tfSK&VjlHl gSb&SIC'tx^ 2 10 
4<0^iBt£te8Jir-SJ:^lcao-Cl>5. -*"ft*>%. *S 
«23i, 51SM20, ^i'5Va5H2 4teJ:a t ie^ 
t*4#la||£i,ja**& 1 'J-fcJrtfftjSafeWiftl^ 

octf't.aKtjsftsnfci^ts^x^ 20a *at;-cx ? 
vvm^2 4©±wcc«*§^n^i. ^*7«2 

4 ©±ffli|ffi£f*fc: X 5 'J -4$ J: VmV&jfifoifih. ft 
te. ^J'7'7'gUH2 4fc<fcO £ jia$*2 OOffct^X^ 

—m*«(C«itt"Cl»*. *fc, SSK2 3, iiftS42 . 

[o 030] mmi.2 3<DTm<£9t>^2nr<.Ai'7 7'& 

$lva**.'*fc, C<0X^-5'7'»H2 4^ "7*-^ 

J--81JI!, * 'J Ar*>'-* ( P v a > ft £'©8* 
[003 1 ] «»K22«. fcix-ttr. tv^^O 

fw*ttft*&»*sn'CfcD, c<pis»&2 2tfte$s:«> 

tiK«Mt«nm 2 6 ic<t <?zffl$m& 1 2 omd 1 2 a 

fci*l£3*itv-s. M&$®H26&. «5i»ft22«)+^ 

&s 1 2©if4 1 2 a <c*f u-c«;fljaacce*#^tn:^ 

4. c©fc». teim2 2 i 2 * o>$k1im&&th 
pI6fe"C4>4. Sfc, t(MS«2 2 &£M l 2 a 40 

»j > 6 ft -sspti mi 2 5 mift£ n-ct^-So 

[0032] &®m 2 £fff#&g 1 2V>3£k I 2 a tc 
#L.-C*Wi»ei,. tttt&2 2££Nl 2 a££i*tt 

sew 2 5 T-iitST zmmti. r & c tic <t »j , -> >j > *at 

51 4CCjSEJi7?:#vi|6U'Cb , X h^a ? K l 4 

ED A 2 <DM * tc Tt$ 2 : * £ , ffffiSHH 2 1 s!Wfte£t* 

2 5^7&t7tt:il!&<?-CtBltti2 2 tT#«:#t/TW\ 

cn&£&cc;x??:/ttH24<>Tiiir&. cvw&fr 



WB200 1-7 7 1 1 7 

&$im2 5<om7tt}ic<t: or, mt£«2 2 liJbHO, 

[0033] ilglA 3 it. 7 1 S%>mt 4 4>iJ5ttfl>T 

win . * y t * *r * * - * ( p v a > ft t'owis** h 

4. Tft*>6. 1 3toJ:^ffiJ#^ai 2<9« 

a^iS'W^n^«sti(DiisW2 ^Kftise 1 

^2 7 li^ ^ >S^Rtl40±MB4 c ^ 
tfM LTTte'J . C mc J: D . 9F«X^ 3 l^iBft iS 6 1 

[0 03 4] 90X^3 tit. fci*«T. ^4^^*^ 
*fc, f»»»Wl 2©£lil 2a4>-?*-MW<^> 

WJSIMcaeW"*C-4 rattl 1 2 a ©&/hftffi£f£-?< 

i iC <t *J , W6Xft 3 «>Pgffl 3 a ?:**^)iaXE^ F 

w^*t-r^>|i5j)Bqnf<'Kffifaj*sAiEi4«:*T J: ^tc, w 

jgx a 3 oimnfa icwzf 4a«tt©«a«s i ft 4 . c © 

fcaO. ■?^w^W5:fFSX ! i ( 3tc*Hx-cX^|Bl{c^«b 

*^ tfif tdfft* 9f f^iia i rti, wex^ 

3 ©W)Sffl3 a gp*SP^W^ 0 * -^WOipcff 
[0 03 5] SfS¥ftjJS6 1 i*> XiabfcD-d? <)^* A 

&ftrc**. o-^';^ 3 -r> h 1 simmzr^isi 

2i<OffiiCcaE$:6nttl'r-£.C<t^J:or. 5F«Xfl,3 4 
X ^ ^ ^^5+* 2 4 4 <DBK (*ft&M*5^T 4. ftKS 

UK 6 i*ctt, Arte— *«!>«!i4(B>jr**«E*a!t-i* 
ft<! sff*-*jatt'c^Ji'Xi*Km^'r 
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®m?Z>. -piliL-CW. tito«E«iDC 1 5 0V, & 
^m*«?Jfe^2 - 3 A , ^A^diAS 1 . 2 , 5 . 10, 

2 0. 5 o « s ©^-rn*'^s:s^ii4>o*«fflu 

-car ipg'j J«f t^ji^tc-r 

-c* *. * fc . ttftsiiw: tt o r ttftKEpftftMOjti * 

[0 03 6] «B?«iJS6 lKtt, *&Bfl0SifcfctH*8: 

fclvCfcO, *-*Ofc3iffiiS(r^6 2s£3> h-7 
5&KfiB;trr*, *&, SJI?«j*5i6 1 t*. *Jfel8<t>teia 
H^a*K £ L -COtetalt 6 3 t fc 0 , £ <Di$$i 
1t6 3tt*jB«S6 1 lCifaftZ>&i&V:U~1l>X . "T*- 

Mwco^M^rtiiufciPfex^s i.sfi<ts2 3 Lvmv> 
tew**-*. 

[ o o 3 7 ] y -ttt§«a7 it*, y - tjja 

OiiSSi 2 0 y XA- 2 0 a KiStgT * * 'J - 
jfi. t8E&, a^K^y^i^F^-xi^fcBtft^ 

y^A, vya. Rfty*7^9^**?FJ£*tfttty"C 

[0038] «w»wef(Vd I tt. S«^E l * sax 

^ •> k& 1 1 zmifc? wsmE Lt*. * >■ 

■ [ 0 0 3 S ] ril* It O-* 5 5 tt, l»g«S i ©±»* 

b ^ 5 1 s ^m^J L> XVtfgXm 3 OBtftte 

^LXffJSXA3<^Z^|S|<?>fi[a^*iJiai'5rtT<,» 1 r 
-3"* K 9 ^< 5 3 tcMLXnmi^ 5 3s «rtb^O-C 
■5 * - > \W©0KDt«:*IJ{SiJ L. , XttK?4"r54fctt(s 
•C^lSMf * 5 48**^1^^, ^WOX W^l6l<J> 

attltti*lT5. 3>ht3-^5 5tt, 

56tta8 1 te J;^ v y -|*;!6^S7 l <r>«jfp5:liKi8i 



(9) 1M20 0 1 -r7 7 1 17 
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O. ftQX^f Kg|52^(DSI¥?SELfc<fcy'x^y-SL 
[ 0 0 4 0 ] S/c, ^ > h o-^ 5 5tt, ^jBSiS6 1 

«B?«flS6 l©S«st6 2fcJ:f>'i5»Slt6 3A>6©s* 
fl(i^6 2 s*iJ;y'«5atefnigMI^6 3 $*A^5tl 
^, 3>hfl-<55 5tt. Ctl6SoicfilI^6 2 steJ: 
O'SSviSKilfl^e 3 MJSSB 1 ©ttfp 

10 4#JjB(BTfigi^^-C(,''S 1> €?/6tt1f^6 2 

[0 04 1 ] 3^hO-^5 5Cdi^?nfc=i> ha- 
6tt. U- ^Sfa©?~^<S:A*Ofc 

♦3 . fci. xtt. * y > yufc«atfilI^-6 2 s to J: 
[0042] 3ctC, JiSU fcWJg^H 1 CC J: ^weftfF 

4 5 * x M ^rifei l r , 7?> 4 n *j ft 

W6nfcWJ#X*3 ■? x -MWO±^o>Bir€f5S^ii 
30 astf, VFlSXftS^BiTlECDBIjii-C'lEl^^-tii,, 9f)g 
XA3«e^«&^, 7^>^a54{Cji*S^n/c«ii» 
1S2 2> ^ft«2 3teJ:a c ^i'77'g&M2 4fe0te?gt(F 
ifc. ^J?^7'SPH2 4«:ffEl,-Ct-SJ«PBEa5 
#2 1, t*Ah>P?Kl4h, b*X h > l 4 a . MS 

SI 2 0 t>mi*ic nife-r^. 

C o o 4 3 ] c «x*i»»4 . x 5 y -ffcte£ta7 1 fcjr 
osd??i5^^a8 i *»6-en**nx 9 y - s L4s j: ex 

«B?ie E L 2 0 / X>V 2 0 a IC 

yy^2 4 <39±ffi^&X y - S LteJ: O' 
40 «B?«EL^I§3n^. W{gX*3*Z«l*(4jKTK 

s*?^, ^©ftuxaTj-cWBES-ti-s. mnmm 

6 1 ?:<eft!i3-l*-C. aS7-7^2 7 5:iior9FeX.m3 
CC-?^;wSfu£E|JjJ|lt,. fl-^y^3-Y>hl5-§: 
« D "C X {7 ? rg|5t* 2 4 tC ^7 X©Sfxt££lrtlTf 
[ 0 0 4 4 ] 3 V y > y&a 1 4 CCAffii7«:W 
■161, T, HI l«O^EnA2©^r|6]CCt*^ h > B ? K 1 4 b 
*T|*$3-a:, ^J'^7'3CH2 4<^TiH?:C*-^Wtc^ 

-5 1 - tti&s -r ^&a* -c^fi» s if -s. c e 

50 0x->\t-7Ht4 5-SrX*4*lfiHC^r?E(^jS^^-> 



(10) 
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[0045] CCTT', @6t*, 9F)g^g HCte(,»-C9fjg 
XA3&Ztt#|4fCTIt£*. 
SttfcttSSfc^Ti^^'AO, 07i;tI16<>>HCl*3O 

fcte, n7fcairrj:9tt:, ftSMMT &X*?yt| 
W2 4i«f)KltC«, *+?*8bmft£UXl>i. <*& 
K. J^tc, £RH3MT£W£X:B3©9FJ£ 

m-r^tc, tes<S4tt. pisx h 3 ??'8W*2 

4 <Sfe&2 3> i^iHtCftftOT^*;*, »«IS4<0 

4 #>6»*$&4 */rorwei*3 tciitt-ssii i . u 

mmvtb*). Zt? 2 4^6 (fcfcMjUirtO T 20 

[ 0 0 4 6 ] C <£>fcit>, * * -9 yg|5tt 2 4 fcflfgXg 
L,TffiJgXS3JCiftft&Sirlci , i. SjS?ftEL«t 1 *>6 

m&l>xn&mi®&E L«t>5:a^-cwexs-3tcBitn^ 

icmm i 2 i , iiiMT^Mtii^ s 

j»# E L 9>WRfm k. J: "C ■< * >ft t, . E L * 
tcigHifSo 30 
[0 04 7] CCX\ «B?«EL+©KW:R H£ 
£ L,-COAi'7/att2 4 £HEft£ L-C0>iT(gX*3 £ 

tc^c* < t, rfc < £ £ f. E L *<»l6JnR 1 

to Sift i 2***:*<&->T\ Sfl?g?fto>&£A,£t;J: 

ISM T t^flST £*8<>>SI?2gtfJ i^Wtilff *> C tifiV 

Sfti 2 4>*$ 3 40 

J:$tr, 3>hc~^5 5KJ:-,rfflexa3cr)Z*li* 

ifiiofia^iJSo?: tf x +" + 7 6 s b te Jc t>'*~ v?^$w 

■5l6fe-C*>l> 0 Sfc, WgilSl<»Z*ii£fi<»(iSr*i#ft 
gR*#K«fe0 - 1 « m £+#fciS< . ftDir , itt 1 2 50 
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&c tr-*?7i8&if t*fflt* s i*^tc-«cci|tt#3 n^. c 

[0048] w±<^>j: ^tc ±&mm<DWfems 1 

it*. cco^OTjg^flfeicflq^r, f5Hgx^3^J:y'x 

? '7 - S L tdct 4a^<r>CMP^aiCHb^tSPIgli^ 
t> * * T fc 0 . ^*-^W4cn^S S?WJSlS664iJ J: O' 

3 a <[)I^H|iWil«Wi9ft^G:<t o 
ri»^BX«rtt 5Ci 4>T*& 0 _hiem^<r>9F^^5 1 

[004 9] WT, -^Uk^flSCCff 60US£B 1 ©Sft? 

[ o o 5 o ] 09 tt, ^Bj^^ft^a^MiS^^ 
— Httifl5«tcff;iia3S7a*A*^i-xsig'C'*9, m 

9 K^TXS0«^^-C*|l*feff5. s J{i:^^Mjayp -b 
XiSH^T^. ST. Hll OmStTJC^K, fci^ti, 

s^'JaVKftK (SiO, > A^fr£fifi*l*lt 
024, fcixl*. Jfflfciffiib'tTEOSttetniet 

hvlorthosilicate) 4ffl».'"CSiEC V D(Ch«mcal Vapo 

■? * - / ^i^TMW^tmWCfl t> ^ ^ > * * 
1 0 Zta*VOx->W0WMlti!M**tn- 

ffliS 1 0 4 £. fci At*. £*q©7 * h y y ^ ^ i$ 
^^x^y^W^WtS, Etft 

[005 1 ]^ B 1 2tCS*«fc5Cil, M'ij+iai 

10 3, KSfl«l()4WCW^, C<D^iJirn3 



(11) 

1? 

0 5{*> fci*«* Ta. Ti. TaN, T i nmo® 

nzx>t?*>vis ms. g^sna^w »fc p v 

D(Fhvsical Vapor Deposition) j4icd;»J, fci*.(£, 

1 5 n mgjfc®MJ¥ -C«n. M'«J -Hg3 0 54*, ffi 

ttit-r4fc«>. fcJ:t>\ fflmfitUftl 0 2£<DO*fi&. 
7"n-feAPR 1 

[0 052] iX^T?, HI SCCWJ^CC, /vj-Wgl 

tt.h YWL 1 0 6 &'2MQ>A>t y £z£tCJ: ♦) . Jtix 
«. I 5 0 n at S&4>£?T£/dt?4 

2 ) . V— H IS 1 0 6 I*. SfteKUffJiSte J: 3 > * ? 

fc»KSfiST*. Xl*-C, B 1 .4 tCW\* 3 (C. 

? 1 0 3teJ:cXiSISffl?fl l 0 4-Srtttf>iit?J: *> 

i*tf, 2 0 0 0 n mS«©IW'ClpflW4. £K8£ 1 

0 7 » * l < I*,' ? fcttflmW-* » + 

7 4-ttltr* (70t^PR3) . 

tO 0 5 3] CCf, HI 1 5 li^PK 1 0 7 *'< •! -Vflg 

1 0 5±K^tfciJjS^otA^4 , ©#j(H*iSH<r)lK 
ffi«7J)t£7C@r'Ai e m 1 5 ii?nTJ: 5 K, £J3l£ 1 0 7 

o*iB(c 1 1 . ^ > * ;? F * - JH o 3 to J: o'KBfflii i 
<r4^ffl&ii#9fclMe. tctA.it. 6 0 0nn>&J& 30 

tt. WntillM l 0 2Jb£9&?&4t0#4ini'l 0 7 
±ie0fF)S^a l ©SKIS £9FJfccc J;^^, * te , 

■fe^KSfefc^-c. mi etcs^ri^tc. &nfti 07© 

c©7sttwa i o 8 1*. &tuti i o 7 €j§j&?&gn 

(M> 4>aM^ft$tttf«fHg&?&?'&1W&6fe& 40 

[0054] ^BMH* 1 0 8©«fiS^r£tJt, fci^t*. 

*. ^Nl0 7*ttOT*M!*fKMteKtt. Kffc 
113 <C\iO) &TfMUftl 08ife*. *fc, tt«0#ft 
i L/T, £J!M] O7Q0tSu. l*r>*». 

tots . Kf u»±n t ??ffli'SttS')3» &a *s, * u - f m 

©O-rfUfcfcEttO TT^SdSHS 1 0 8 i? & C i & "Ifife 

t?&*. task i o 8 ©«jB«*tcn*sna<r»*i. so 



KH2 0 0 1-77 1 17 

2 0 

[ 0 0 5 5 ] iXic, *#feBJJ©Wg*i*-Cti, 1 0 

7©fi&tcffM£ftfc;FgS. 6 J&&l 0 8 W^iMiRlftKK- 
*T4 (70t^PR5 > . ^ftSli 1 0 8<Dflftntt 
RfcSfc*. ±ia©W)gftai iCJro-CtT^. fete. fiSfflT 

w^W±t£l«tSLfe^6BfIT*WeXft3 fc^CCA ? 
7?W2 4 t.ZMflMltETK3«lC > »x^^tWK4flt 

CC-?^rxfe. SSW2 a^v'^^giiGT. ^61^ 
3 tmmz 3 i<DKlCcaa£K;UXSE*EpaiT4. fe 
te. ^5"J-SL«>^-^ife**Sig(CSiBigSL© 
ttfe tf*fc-tt iCitiJrO. ^ 9 U - S'J- ©** ■> * - ' 

[0056] CCr,-'Bl 7C*±I&0«aKC*«^^9 
^g|iM2 4 f*«KteW-5We7 0-fe^**"r4HS:@T?ab 
*). 01 8«*Wei*3Hifi(i:teW4W^7ci-bx4* 
t&%mv&Z> t HI 7 tcW Jr^tC. Xi?^^gW*2 
4rtjttrl*, 0$£-r-6«fijtS2 3<7>^S112 3 1)^6X7 
'J-SLteJi^BKiftEL^fl^Snir. ^.^'J-SL 
tect^jB^E LIW>77W24 5:ajfib-C^ * * 
7^t*2 4«>±ifi^6'?x-MW±iCfft$&Sn^. #B 
* 1 0 7 ±«c«*3nfe?f:|MMI 1 0 8 1*. SR?igE L 
<fc iSjBifffl t*W feOfclMSKag E L 

1 0 7ta*8?ifc*Hii^?jfc4rf . ±15 
2 * O^cSijfefilt. »< S*L,/c4 S 

7 rib*. 02 5 cc ws?&fi©r^&(iartifi^± 

[0057] ^^?7 r aH24<0B4E«:ofe^?'C, IS 

1 0 7<0Cia±©^S«*(l 1 0 8*ftlRK[««tt 
£Strci»<. 01 8ccWJ;^ic, 9fex^3 

JWttP T©J»*W»*ffifflJC J: ^XSmWL 1 0 81CJ? 

[0058] COJr^OCL-C, fci^.4*, H 1 9tC7nf 
Jr^tC, £PRg 1 0 7<0flgf±KUEB£Snfc^S!i.SJ8 1 
0 8#£ttfttt;N&£n4£, TftMHIl 0 8*S«W 
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[0059] #Bfli 1 0 7 afcHKBHW & £ . fl^T? 

-fe*PR5>. C©£S©SA??£EL©ftfflti. mi 8 
tc^-T J: K. TOtiBB 1 0 8 j8f5K4«n&«»-CA& 
£SB 1 0 ^©fi&ti, £RB 1 0 7 iiiSfil^ 
KfllfJtCj: -jtSM u + £ (/tSi?j{!E L4HC?g 

tan. cnic£-?z, &bbi oi^icxt^-i^^m. 

^e-^i&n. C©W+*B?-e- t*, Sll7tC7nb 
fcct^cc, £RBl 0 7©£B^kg»?jfcEL£iI-3-C 10 

[0060] JiiiOfcJ: 5£C, £BB 1 0 7 £rff6Sft-& 
ffii*. *mm 1 0 8«CJt^TBJMWfcWS<B2»* 

x&mv&tc*>. tmt l-c©£jib 1 o i u 

c©feat>. ttftturofBa.iBS 

BBtt©£ (&BB 1 0 7 ©Oa5©&*>T?<biS<,>g|S#© 

»$*^EB*ra<B««t^iB,*> jtf*n«r. 

WtAWrT-So C©££, B2 5lCtol»r, p i v 
m'T&'j (C, J;ia©«jjfcif 6 2 ©* ~ > Ofe^Bi£fil*± 
HU*Cit>&<, C©J^&fTfflfc:j:^-c, £BBl07 

[006 1 ] ±ie©fffflic J: r, i o 7 ^oas 

%1 LfeBBB 1 0 7©Sffit* > fc£*.li, 02 0(C* 

?BAB 1 0 8 ££SB 1 0 7 ©dbSlWUr* 3 tt/dfl© 
&r£ffi©££ffi{rfr&,, 

[0062] B</»T\ 02 lCCSVr J;5fc, C©£JjlB 
1 0 7©^IKWSlI3feJ:y'X7 L«tJ©W§ 
KB P T K J: 9 tf t>n*tt E L IC J: & 

pr 7 ) , cvts, *m?z>Ti&&m 1 0 8 ©fotStfl 

«t 0 s -e^Ticfc^iiftfiAijsaiL.. -e© 

3£*B5*3*lfc».*T?^R« 1 0 7 6M©Bffl 
Bt*B*:i&*. cntlslWtc, @fcif6 2t'ti?- 
L^cSfifcli, 132 5 P 1 ©f£EA>k±?ILfcS 
Bg£. 7£ttMl 0 8©B5*ici*o'C±^ofca, m 
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